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Top Quark Pair Production and Decay
Top Cross-Section Dilepton

Top Cross-Section Lepton + Jet

Top Cross-Section All-Hadronic
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The Tevatron in Run Il

Collider Run Il Peak Luminosity
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@ 1.96 TeV proton-antiproton

@ 396 ns bunch spacing

@ Lumi up to
1.6 x 10%2cm=2s71
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The Experiments

N ] \ 3
“.‘ % if New Solenoid, Tracking System
SVXIl + ISL | Si, SciFi,Preshowers

coT VL .
Muon chambers/scintillators

Top quark measurements rely on the whole detector for electrons,
jets, muons, £+ and b-tagging!
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Data-Taking Status

D0 & CDF Run II Recorded Luminosity
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Top Quark Production

q g t
g { @ At Tevatron qg — tt dominates
¢ (~85%), gg — tt (~15%)
g n e NLO QCD (12% uncertainty)
’E‘ e 6.8+ 0.8pb (Kidonakis, Vogt)
& o 6.8757pb (Cacciari et al.)
g J f o Run | measurement ~ 25%
@ Test QCD prediction to at least
theoretical precision, look for
) |

new physics (example tt
resonance).

T el |
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Top Quark Decay

" q
W*‘ v, g
S
b @ Top decay BR defined by
. W decays
Top Pair Decay Channels o Dilepton: ee, e/, 1,
BR=6%
8 |2 P o |+jets: e, u + jets,
tle|8 BR=34%
EISE e All Hadronic:
5 |8 &= BR=46%
o Tau: 7+ X, BR=14%
"o e - tautjets @ Measurements in each
! 55‘0 muon-+jets channel, multiple
S electron+jets techniques, 2 experiments
\‘:@o’!’?\’ e'ln'lt ud c§
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tt Event Selection

o Central, spherical, energetic

@ Instrumental backgrounds from (eg.) jets faking electrons in
QCD multijet or W+jets

@ Physics backgrounds from (eg.) di-boson production (dilepton)

@ Common distinguishing variables:

number of energetic jets, leptons

Ht - scalar sum of transverse momenta of a subset of objects

event shape: aplanarity, sphericity

Er

b-tagging

Secondary vtx

N

Primary vtx

displaced track
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Dilepton Channel

s
o 3 final states: ee or upu or ey

™
e Signature: 2 high-Pt leptons, 2 Cx@
b-jets, large £+

@ Smaller BR than states with
more jets, but distinct signature,
favourable S/B.

@ Backgrounds:

Z/y" — ee,pp

Z/y* — 71T

WW/WZ

W-+jets

QCD Multijet

proton

antiproton
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Dilepton Channel Selection

o 2 leptons (opposite charge) @ lepton + track (opposite

E+ > 20GeV charge) Er > 15GeV
o 2 jets, ET > 15GeV @ at least 1 jet above 20GeV
o £+ > 25GeV (object < 20° @ [ for ee, yuyu in/out of Z
and £ > 50GeV), in/out window (15-35GeV)
of Z window @ at least one b-tag
e Hr > 200GeV e e/ vetoed & combined

CDF Dilepton - 750pb~1!

o = 8.3+ 1.5(stat) &+ 1.0(syst) & 0.5(/umi)pb

D@ lepton + track (including eju) - 370pb~!
o = 8.6713(stat) + 1.1(syst) & 0.6(/umi)pb

Dugan O’Neil (Simon Fraser University) tt Production at the Tevatron I: ICHEP 2006 10 / 23



Lepton + Jets Channels
N
@ Signature: 1 high-Pt lepton, 2

b-jets, 2 light jets, large £+ ¥
@ Larger BR, still one high-Pt ~@
lepton «
e Backgrounds: W+jets, QCD $ X
multijet, Z+jets, Z— 77, i\
WW/WZ "
@ Use kinematics in NN or ¢ 9
topological discriminant and/or
use b-tag information g
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(OLepton -+ Jets Channels - b-tagging CDF

CDF RUN Il Prel\m\nary(BSSpb")

—e—Data
[t (8.2pb)
[ Non-W QCD
1000 []Diboson
[ single Top
We
I Wee
I Whbb
[ Mistag

-
o
S
=3
T T

Number of Events

W+1 jet W+2 jet W43 jet  W+>4 jet
Jet Multiplicity

@ Requirements:

o 1 isolated lepton

E; > 20GeV

> 3 jets E; > 15GeV
£+ > 20GeV

1 b-jet

Ht > 200GeV

@ Cross-check with 2b sample

Njets 1 2 3 >
Pretag 68183 10647 846 102
Mistag 2860 £ 12.3 1192 £ 17.7 21.0 £32 6.6 £ 1.0

Whb 201.1 £ 623 109.0 £ 323 13.0+35 33409

Wee 61.5 + 18.0 409+ 128 52416 1.5+ 05

We 2421 £ 620 504 £133 3309 04+0.1
Single Top 172 £ 1.7 241 £ 24 21+02 04+0.1

Diboson 133 £ 2.1 192 £ 3.0 2 2 0.2

non-W QCD 999 £+ 16.4 150 £ 7.5,

Total 0211 £ 1133 4078 £ 5.

Data 1029 514

CDF I|+jets with b-tag - 695pb~!

Dugan O’Neil (Simon Fraser University)

o = 8.2 £ 0.6(stat) £ 1.0(syst)pb
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[E#]l epton + Jets Channels - b-tagging D@

D@ Run Il Preliminary

@ Requirements:
o 1 isolated central lepton

o T
Ssoo:— ® Dae
& o Voo E+ > 20GeV
3 F = we .
Eisoi ] “wv;i \ >1 Jets E; > 15GeV
8 <
s F w)' E
g200; A T > 20Gev
E B _ttbar o ljets. .
E 1 or 2 b-jet
Wlight
We
Wei
Wb :
Wiiets 8603 H\tll.
0 1 2 3 4 QCDh 100510 54515
jet multiplicity single top 13 2101 5.I10X0.09 [.RIiU.UI
th— Ul 121401 5940.1 1.26+0.03
. . . . diboson 8.29+0.27 1.04+0.09 0.08+0.02
Get cross section via likelihood: 015400

£ =[] PN, NF*U (o))

DO |+jets with b-tag - 365pb~1

Dugan O’Neil (Simon Fraser University)

Tackground To7TSE3A] TLILD. 1
syst. +§;‘J(; lll.& +30.15-32.04[ +8. !
tt — [+jets 1.05=0.05 13.3£0.2 TT.UT0.3

total predicted.| 254.8%3.1 241.0+£3.4  113.0£2.1
syst. +35.96-40.75 +30.:
observed 251

0 = 8.1713(stat + syst) 4 0.5(/umi)pb
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All-Hadronic Channel

/
?5 //7

@ Signature: 6 high-Pt jets!, 2 b’s

o Large BR ~@
@ Backgrounds: QCD multijets,
W"‘jets @ \@’/%\
@ No neutrinos! Low £ , i W
//%l
reconstruct the whole event.
d g
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Multi-Jet Channel - D@

L D@Runll Preliminary (360 pb')
[+ D@ Data Candidates
| [II] D@ Data Untagged Multi-Jet Events

n
o
(=]

| D@ Run Il Preliminary (360 pb")
* D@ Data Candidates
| [ D@ Data Untagged Multi-Jet Events

combinations/5 GeV
T

250 300 50 100 150 200 250 300 350 400 450 500
ji Mass (GeV) bjj Mass (GeV)

@ Requirements:

e 6 jets, exactly 2 b-tags (45,25,15GeV)
o Do NOT veto on leptons or £+ .
o All jets “taggable” (2 tracks point to PV)

D@ Multi-Jet - 360pb~!
o = 12.1 £ 4.9(stat) + 4.6(syst)pb
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CZ All-Hadronic Channel - CDF

CDF Run Il preliminal

@ Requirements:

—e— Data (102 b7
Backgromd e veto isolated leptons, £+
Background + signal (8.3 pb) o 6-8 Jets ET > 15GeV
e Topological NN on 11
inputs
50 e e 1 or more b-jet
200 | """""'""""_'-I I Njet 6—8
° ! N Events 4205

Background 846 + 37
tt(o = 8.3pb) 381 £ 65

) Background + tt | 1227 £ 76
@ Cross section extracted from Observed Tags 1233

tags, not events

@ Data-driven background
estimation

CDF All Hadronic - 1.02fb~ 1

o = 8.3+ 1.0(stat) 723 (syst) + 0.5(lumi)
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Summary

—
[ cacciari ot al. JHEP 0404:068 (2004) Assurme m=175 GeV/c’ D@ Run " Preliminarv
Kidonakis,Vogt PRD 68 114014 2003)  CDF Preliminary
®
‘bi o dilepton (topological) g.g 32+ op
Dilepton 1 B+q O+ ¥ ez aa P
(L= 750 pb™) 8.3+1.5+1.0+0.5 L-230pb" P —" 2.7 11
. » — 8 l+jets (topological) g7 145 oy
oy 6.0+0.6:+0.9:0.3 Lz30pb” H—— 3 -4
=760 pl
N — combined (topological) 7412404
'Lep|on+Je$s: Vertex Tag/ 8.2+0.6:0.9+0.5 L=z30pb? [ 12
L=695pb") g Co T
f ! "~ dilepton (topological) 5. 23412
e _y —e—+H -20 1.0
Lepton+Jets: Soft Muon Tag 13 L=370 pb
(L= 193 pb") 5.3+3.3 +,+0.3 " .
Itrack/emu combined 8.6 12+ pp
"MET+Jets: Vertex T N 14 L=a70pb e e
Jets: Vertex Tag . F
(L=311pb’) 6.1:1.255+0.4 I+jets (Vertex tag) g +09409
' 08 08
. '77“._‘_‘ L=363pb H-e—+H
All-hadronic: Vertex Ta 3.3
(=311 pb) % 8.0+1.7 +5310.5 all hadn:rnlc 5225415
L=350 pb’ =
ey g 13050608 et e eemOO M BN, 1
P T T I I v S 0 25 5 7.5 10 125 15 17.5
0 2 4 6 8 10 12 14 -y e
o(pp — t0) (pb) o(pp — tt) (pb)

CDF All Hadronic - 1.02fb~1!

o = 8.3+ 1.0(stat) 23 (syst) + 0.5(/umi)
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@ Precision cross section measurement now rivals theory (12%
uncertainty)
e 6.8 £ 0.8pb (Kidonakis, Vogt)
e 6.8750pb (Cacciari et al.)
o CDF combined: 7.3 = 0.9pb - 12%
o | only sampled the analyses in each channel

@ Data is still accumulating!
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Backup Slides

Backup Slides
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CZ All-Hadronic Channel - CDF - Details

o NN: Y E7,>" Er — EX — E2, centrality, aplanarity, min dijet
mass, max dijet mass, min trijet mass, max trijet
mass, EX - sin 05, E2 - sin® 05, < E% >3y

0.16 =
014 - Background
CDF Run Il prelimina F - 2
0.12 =
L ] # m=175 ceviery
2000F- 0 0=
= * Tags (1.02fb) E
1800 o0sf
1600 E
E 0.06—
1400F- A Expected background E
1200 0,04
1000 002
8001~ E
600 i— N 0.8 1
400 o S NN output cut
E s 7
200F- 5
B 1 . N RN EFRR R B SR RI R 5
0= 0.2 04 0.6 0.3 1 >
NN output 34
3
20 e . L
0 3 3 3

NN output cut
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with b-tagging

CDF Run Il Freliminary(695pb'1)

a 120: —s—Data
s T [1ti(8.8pb)
‘j r [CINon-W QCD
%5 100 [ Diboson
s [ [T Single Top
.g r I Wee
E M- [ Whb Source Systematic (%)
F Mist -
< sk W Mistag b-tagging 6.5
[ Luminosity 6.0
b S - 5.
o - PO b8
r Jet Energy Scale 3.0
S ISR/FSR 26
ol p—— Lepton Identification 2.0
W+1 jet W+2 jet W+3jet  W+24 jet
Jet Multiplicity Total 115
Jet multiplicity 2 jets 3 jets > 4 jets
Mistags 20+£05 1.7+£04 1.0£0.5 N N
Whb 48+40 47+12 14+04 obs = Nbckg
Wee 23+£08 04£01 02+0.1 0-1.'7 =
Single Top 24405 01+0.0 0.0+0.0 €47 X f Ldt
Diboson 09+02 02+£01 01400

Non-W QCD 104£02 06+01 02+0.1
Total Pred : 4 7TT7+14 29407
Corrected Total k 72413 19+05
Top(6.7£0.8 ph) 7316 20445 310L7.0
Observed 29 33 46
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D@ |+jets

D@ Run |l Preliminary

goF
faf bl
HN: [ L —
§VF Il s
20E %
10f
o sesppt A - —
E crsrrrssrsinssanss Electron -0.02 +0.18 -0.15
I S B R R S S Muon triggers +0.07 +0.34 -0.28
: ? Jet multiplicity i 03 i
SML b-tag eff in MC .03 0.15 -
TTee Wodke Woashen. [ b e (805 100 33
W Tight 0.013L0.001 000520003 DOI0Z0001 |\ frctons matcing + igher onder cffees| 001 1048 044
We 0.081£0.003 0.031£0.002 < 0.01
Wee 0774003 0.30£0.02  0.120.01
Whb 101403 3954014 1.04+0.00 obs pypred
W riets 00102 0.0010.11  LIST0.08 L= H P(Ni , N (aﬁ))
QCD 001 0021036 < 0.0 ; !
single top T82E0.03  T.00£0.02 0315001 i
tf— Il 3274003 L73£0.02  0.38+0.01
diboson 0924005 0.1240.01  0.011-£0.004
7t 003003 0024002 < 0.01
background 16.91+0.3 6.810.4 1.881+0.38
Syst. 281050 7100000 1031031
Tt — I1jets T7010.01 100101 174101
total predicted| 18.6+0.3 17.7+0.4 10.3+0.4
7208286 174173 1251283
70 11 1
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D® All-Hadronic

Source Uncertainty (%)
background model & subtraction =20
b 1D scale factor +18
jet energy scale +15
Monte Carlo simulation +10
trigger lef
luminosity +6.5
total +£38
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